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Overview of Major Updates

1. Replaced the ‘Simple’ equation for water quality nutrient loading computations 
with loading rates established from CAST

2. Split the forest/open space category into two distinct VRRM categories, to 
result in four land cover types in VRRM 4.0.

3. Added in 2 new BMPs (Regenerative Stormwater Conveyance and Trees)

4. Updated the phosphorus target (old was 0.41 lbs/ac/yr) based land cover 
conversion data and CAST loading rates

DID NOT:

1. Modify treatment volume computation procedure (or 1” rainfall target)

2. Modify CNs or Rvs for existing VRRM categories



E x i s t i n g  V R R M  

S u m m a r y  

I n f o r m a t i o n
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VRRM 3.0 Converted Rates

V R R M  S u m m a r y0 1 /

• Simple Method equation 
was converted to loading 
rates for each VRRM 
category

• This step allowed VRRM 4.0 
loading and nutrient 
tracking computations to be 
directly checked against the 
VRRM 3.0 spreadsheets 

• Existing ‘loading rates’ 
calculated by entering 1 acre 
into each LC/HSG 
individually and recording 
the resulting computed TP

(43 in.)(0.90)(Rv/12)(0.26 mg/l)(2.72)



Cu rrent VRRM 3.0 Rvs

V R R M  S u m m a r y0 2 /

• Rv coefficients for each 
VRRM category as defined 
per VRRM documentation

• Derived from ranges 
established by a literature 
review

• Percentage rate (of each 
land use category total) are 
shown for later use in load 
assignment computations



Cu rrent VRRM CNs

V R R M  S u m m a r y0 3 /

• Based on 3 land use covers 
with data from NRCS TR55 
and NEH handbooks. Note 
that both publications show 
the same categories/values 
(currently)

• Current VRRM 3.0 ‘Managed 
Turf’ category matches NRCS 
‘Open Space’ and ‘Pasture’ 
CNs, for good condition

Sample from Table 2-2a, NRCS Technical Release 55, Urban Hydrology for Small Watersheds



S e p a r a t i o n  o f  

V R R M  

F o r e s t / O p e n  

S p a c e
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B asic Steps:

• Select candidate land cover types that capture elements of “Mixed Open” land 
use from NEH curve number tables

• Average the curve numbers reported across these land use types for each soil 
hydrologic group to generate CNs for “Mixed Open”

• Use the relationship between these CNs and existing CNs for managed turf and 
forest cover to establish weights that can be used to estimate Rv coefficients for 
mixed open from Rv coefficients from these other cover types

A d d i t i o n a l  L a n d  

C o v e r0 4 /



Recommendations f rom Internal Review 

VT/DEQ
Appropriate associated land covers were selected from the NEH curve number tables

A d d i t i o n a l  L a n d  

C o v e r0 5 /

Sample from Table 2-2c, NRCS Technical Release 55, Urban Hydrology for Small Watersheds



Recommendations f rom VT Team

*‘Mixed open’ is used to match the nomenclature of a similarly defined land cover in the CAST Model

A d d i t i o n a l  L a n d  

C o v e r0 6 /

Utility line easement, Appalachian Trail, Roanoke County, VA, 
C. Hodges, 8/28/22



Rv Comp u tation Procedure f or Mixed O p en 

Cover

The relative placement of the Mixed Open cover CN between the ‘forest’ and ‘managed turf’ 
categories was used for weighting since the new category mixes characteristics of the other two.

Calculation procedure:

A soil:  Rv = (.15-.02) / (39-30) x (34 – 30) + 0.02 = 0.08 (rounded up from 0.078) 

B through D soils:  Average of ratios of Rv rate increase to CN difference for Forest and Managed Turf
(see next slide)

A d d i t i o n a l  L a n d  

C o v e r0 7 /



Rv Comp u tation Procedure f or Mixed O p en 

Cover (cont. )

B through D soils:  Average of ratios of Rv rate increase to CN increase for 
Forest and Managed Turf

A d d i t i o n a l  L a n d  

C o v e r0 8 /

Average of Forest/MT
(0.0014+0.0050)/2 = 0.0032

(0.25-0.22)/6 = 0.0050
(0.03-0.02)/25 = 0.0004

Calculation Examples:
B Soils: 0.08+25 x 0.0013 = 0.11
D Soils: 0.13+7 x 0.0032 = 0.15

Rv diff / CN diff = Incr.

Final Computed Rv Coefficients



VRRM 4.0 Proposed CN and Rv Su mmary of  

Key  Constants

A d d i t i o n a l  L a n d  

C o v e r0 9 /



A s s i g n m e n t  o f  

A p p l i c a b l e  C A S T  

L a n d  C o v e r s
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C A S T  L C  A s s i g n m e n t1 0 /

B asic Steps:

• Review CAST land covers

• Narrow the pool to only consider land covers that might correspond to general 
post-development VRRM land covers

• Omit land covers where load information is not available as well as covers like 
water or shoreline where the covers that contribute cannot be determined

• Assign remaining covers to VRRM land use classes based on the definitions 
reported in CAST



CAST Land Covers

• 49 total land covers
• Many are related to agriculture, treatment infrastructure, or other categories that 

do not suitably represent general post-development VRRM land covers
• Some applicable categories (primarily CSS) have suitable covers, but currently show 

no produced load in the CAST model

C A S T  L C  A s s i g n m e n t1 1 /



Selected Land 

Covers

C A S T  L C  A s s i g n m e n t1 2 /

No loads were reported in CAST runs for 
CSS categories, so not currently used for 
loading rate computations

No feasible way to break down 
into component covers

14 Total Land Covers Used



Assignment of  CAST Land Covers to VRRM 

Land Covers

C A S T  L C  A s s i g n m e n t1 3 /

• Assignments are logically based on 
CAST terminology

• Assignments of ‘Canopy over…’ 
were assigned based on underlying 
cover due to winter foliage 
conditions

• ‘Mixed Open’ definition matches 
intent of the new VRRM mixed 
open category



E s t a b l i s h  

N u t r i e n t  

L o a d i n g  R a t e s
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Determination of  Loading Rates f rom CAST

Develop easy to use (and update) methodology to establish loading rates from CAST 
output

Steps to Accomplish this Goal:
• Review and aggregate the appropriate outputs of CAST Scenario Runs into the 

four VRRM land cover groups
• Compute the average loading rate for each
• Compute the breakdown of hydrologic soil classifications across the Chesapeake 

Bay portion of the Commonwealth
• Distribute the average loading rate between soil classifications using area 

breakdowns and Rv coefficient data
• Review output against VRRM 3.0 and address major issues

V R R M  L o a d i n g  R a t e s1 4 /



CAST Model Assumptions Regarding Loading 

Rates

• CAST model scenarios were run for the portion 
of the Commonwealth flowing to the 
Chesapeake Bay under a ‘No BMP’ 
implementation scenario since the VRRM 
spreadsheet should establish loading rates from 
data that is ‘pre-treatment’

• Values from edge of stream (EOS) were used 
instead of edge of tide (EOT) since the most 
upstream values available would more 
realistically predict loads closer to a site before 
partial downstream load mitigation takes place.

V R R M  L o a d i n g  R a t e s1 5 /



Comp u te Average Loading Rate (samp le f or 

Managed Tu rf)1. Compute area weighted consolidated CAST loading rates for each land 
use category:

a. The area and loads for each land use category is summed.
b. The average land cover loading rate is computed by dividing the total 

EOS Load by the Total Acres.
c. Result is an overall average CB watershed loading rate in lbs/acres/year

V R R M  L o a d i n g  R a t e s1 6 /

1.443 Value is 
the average 
across all HSG 
soil groups



Distribute the average loading rate across 

soil  classif ications (samp le f or Managed Tu rf,  

cont. )

2. It is assumed that loading rates will increase with increasing HSG classification, 
A → D, due to infiltrative capacity differences) loading rates due to averaging 
across all soils types. This means that: 
a) A type soil loading rates for Turf would be expected to be less than 1.443 

lbs/ac/yr and conversely D soil rates would be expected to be higher than 
1.443 lbs/ac year

b) A methodology is necessary to proportion according to both the 
percentage breakdowns of A -> D soils in the Commonwealth and the 
relative infiltrative capacities of each

V R R M  L o a d i n g  R a t e s1 7 /



Assu mptions necessary to solve f or loading 

rates (HSG areas)

• An assumption regarding the 
average breakdowns of HSG soils 
contributing to each total 
weighted land cover loading rate 
must be made  

• Percentages of HSG soils in the 
Virginia portion of the Chesapeake 
Bay watershed were used to fulfill 
this assumption

• A 50-50 split was assumed for 
soils with dual classification

V R R M  L o a d i n g  R a t e s1 8 /



Assu mptions necessary to solve for loading 

rates (ru noff cap acity)

• The VRRM Rv component percentages give an approximation of relative runoff 
capacity and are integrated in development of loading rate values

V R R M  L o a d i n g  R a t e s1 9 /

Current VRRM Spreadsheet Values Proposed VRRM Spreadsheet Values



Used Microsoft Excel Equ ation Solver (W hat - if  

goal seek)
• Assume that the sum of the adjusted rates (sum of row) is 1.0*

• Create a formula in each cell that multiplies the ‘Sum Adj. Rate’ column 
by the appropriate percentage from the Rv table.

V R R M  L o a d i n g  R a t e s2 0 /

*Note: Impervious analysis is not technically necessary since 
soil classification has no bearing on runoff capacity 
values, so distribution of loading rate will be even



Use Microsoft Excel Equ ation Solver  (W hat -

if  goal seek)
• Create another table with the following format

• The ‘CAST Target’ is the total weighted loading rate that was computed for each land 
cover in a previous step

• Each HSG entry in this table is created by the product of the STATSGO % for the 
column and the values in the Adjusted Loading Rates table on the previous slide

• Perform a goal seek in Excel to set the value of ‘Total Rate’ to the ‘CAST’ Target by 
changing the associated ‘Sum Adj. Rate’ cell from the table on the previous slide

V R R M  L o a d i n g  R a t e s2 1 /



Resu lting Loading Rate Tables f rom Analy sis

V R R M  L o a d i n g  R a t e s2 2 /

Initial loading rate computations yielded interesting results for the managed turf and 
impervious categories:
1) Impervious rates are around 37% of the VRRM 3.0 rates
2) Managed turf rates are approximately 3x the VRRM 3.0 rates

Existing VRRM 3.0 Values

Computed VRRM 4.0 Values



Resu lting Loading Rate Tables f rom Analy sis  

(cont. )

Why are the turf and impervious loading rates so different?
1) VRRM 3.0 is based on an average event mean concentration (EMC) of 

0.26 mg/L across ALL land cover types.  The loading adjustment between 
land covers and HSGs is made solely by RV coefficient adjustment.

2) The Chesapeake Bay Watershed Model (CAST loading rates) uses 
multiple engines to track the inputs/simulated transport/output of 
nutrients.  This includes atmospheric deposition, soil nutrient migration, 
fertilizer applications, etc.  Different land cover types use the applicable 
components of the model for tracking.

3) Scientific studies, including one recently completed in Fredericksburg by 
VT conclude that highly impervious areas do tend to have lower EMCs 
than residential (high turf/tree cover) areas.

V R R M  L o a d i n g  R a t e s2 3 /



Resu lting Loading Rate Tables f rom Analy sis  

(cont. )

• Despite EMC trends indicating that turf loadings could be 
higher than impervious, the magnitude of the turf rate 
increases warranted a closer look at the CAST turf inputs.

• On initial inspection of the fertilizer application rates for 
various jurisdictions, the VA phosphorus fertilizer 
application rate seemed surprising since Virginia enacted 
a phosphorus ban for residential applications (after 
establishment year) in 2013

• Based on some initial fertilizer data provided by EPA of 
raw fertilizer inputs, a closer look at this fertilizer input 
was initiated, since the 3.93 value appeared to be high.

V R R M  L o a d i n g  R a t e s2 4 /



Phosphorus Fertil izer Ap p lication Rate 

Analy sis• DEQ obtained fertilizer sales data through 2021 from Virginia Department of Agriculture 
and Consumer Services (VDACS) and Association of American Plant Food Control Officials 
(AAPFCO)

• DEQ/VT analyzed the data to determine deviation between historic CAST model input 
values and fertilizer sales figures 

V R R M  L o a d i n g  R a t e s2 5 /



Phosphorus Fertil izer Ap p lication Rate 

Analy sis  (cont. )• DEQ/VT computed an average phosphorus fertilizer sales rate of 1.06 
lbs/acre/year since the ban for Chesapeake Bay communities.  This is 
assumed to be similar to the eventual application rate.

• A custom run of the CAST model using 1.06 lbs/acre/year instead of 3.93 
lbs/acre/year was requested and created.*

V R R M  L o a d i n g  R a t e s2 6 /

*Note: This custom run is not possible through the online CAST scenario tool.  This was created 
directly by Devereaux Consulting, LLC who manages the CAST model.



Revised Loading Rate Tables u sing Revised 

Target Loadings

V R R M  L o a d i n g  R a t e s2 7 /

Revised loading rate computations:
1) Impervious rates are still around 37% of the VRRM 3.0 rates
2) Managed turf rates are approximately 1.4x the VRRM 3.0 rates (vs. 3.0x)

Existing VRRM 3.0 Values

Proposed VRRM 4.0 Values



E s t a b l i s h  

N u t r i e n t  

T a r g e t  R a t e s
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Update the cu rrent VRRM Nu trient Target 

RatesCurrent Rate
• 0.41 lbs/acre/year – based on a compromise of various methods

General Calculation Methodology for Update:  
• Analyze the conversion of current non-developed lands to developed lands based on 

comparison of 2021 CAST model run and 2025 (Watershed Implementation target year) 
CAST model run

• Use USGS land cover conversion data for Virginia to establish % of forest/ag conversion

• Determine weighted loading rate of lands being converted 

• Established rate is the maximum theoretical rate that must be maintained to result in no 
additional loading to the Chesapeake Bay (cause no harm)

• Excludes CAST loads from stream and shoreline categories since the ultimate load source 
in many cases is undefined and streams/shorelines aren’t being developed.

N u t r i e n t  T a r g e t  

R a t e2 8 /



Nu trient Target Comp u tation Procedure

1) Calculate summary metrics for CAST 2025 and 2021 model runs.  Note that 
both runs were completed using the 2021 BMP data set. Compute the 
2021/2025 average TP loads for each category for the Edge of Stream (EOS) 
output from CAST.  Land Cover Conversion data for Virginia from: 
https://www.sciencebase.gov/catalog/item/63334dc5d34e900e86c6227b

N u t r i e n t  T a r g e t  

R a t e2 9 /

Values Used for
Analysis

https://www.sciencebase.gov/catalog/item/63334dc5d34e900e86c6227b


Nu trient Target Comp u tation Procedure 

(cont.)2) Calculate aggregate loading rates for Natural/Forest and Agriculture category 
from CAST data from the 2021 dataset.

N u t r i e n t  T a r g e t  

R a t e2 9 /



Nu trient Target Comp u tation Procedure 

(cont.)3) Adjust the average loading rates for the categories from the previous slide by 
the % of the overall difference for each category (from step 1).  

N u t r i e n t  T a r g e t  

R a t e3 1 /



Nu trient Target Comp u tation Procedure 

(cont.)4) A similar process can be used to compute a Total Nitrogen target.  The final 
computation table from that process is shown below:

N u t r i e n t  T a r g e t  

R a t e3 2 /



Nu trient Target Comp u tation Procedure 

(cont.)5) Alternative method used during development of previous target (0.41) based 
on the expected land cover of lands projected to be developed.

Three scenarios were considered:
a) 5% impervious, 30% turf, 65% forest
b) 7.5% impervious, 30% turf, 62.5% forest
c)  10% impervious, 30% turf, 60% forest

N u t r i e n t  T a r g e t  

R a t e3 3 /

CAST loading rates (presented 
earlier) for impervious, turf, 
and forest are used for these 
computations



Nu trient Target Comp u tation Procedure 

(cont.)Three scenarios:
a) (.05)(0.794) + (0.30)(0.657) + (0.65)(0.071) = 0.28 lbs/ac/yr
b) (.075)(0.794) + (0.30)(0.657) + (0.625)(0.071) = 0.30 lbs/ac/yr
c)  (0.10)(0.794) + (0.30)(0.657) + (0.60)(0.071) = 0.32 lbs/ac/yr

N u t r i e n t  T a r g e t  

R a t e3 4 /

Range of this method is 0.28 – 0.32 lbs/ac/yr

Range of previously discussed method is 0.27 – 0.33 lbs/ac/yr

Since ranges of the methods are similar, the recommendation is to proceed 
with the 0.26 lbs/ac/yr value computed from the CAST loading rate data and 
recently published Chesapeake Bay land conversion dataset



C o m p a r i s o n s  o f  

R e s u l t s  u s i n g  

V R R M  3 . 0  v s .  4 . 0  

S p r e a d s h e e t s
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Comp aring Resu lts f rom VRRM 3.0 & VRRM 4.0

1. Matrices including 68 scenarios for both new and re-development 
applications were created that add up to a unit 1 acre. From here, a 
multiplication factor can be used to scale up to a disturbed area of any size. 

2. Comparisons were made based on the removal efficiency (TP removal 
divided by TP load) required. Direct comparison of the phosphorus load  or 
phosphorus removal required is not prudent since BOTH the loading rates 
and nutrient target is modified in VRRM 4.0.

C o m p a r i s o n  o f  

S h e e t s3 5 /



Scenario Matrices

C o m p a r i s o n  o f  

S h e e t s3 6 /

• 68 Total Runs for 
both new and re-
development

• Cross sampling of 
various managed 
turf and impervious 
development 
projects

• More limited 
number of forest-
included scenarios



New  Development Resu lts (Total Disturbance 3 

acres)

C o m p a r i s o n  o f  

S h e e t s3 7 /

VRRM 4.0 higher for turf-heavy 
scenarios

VRRM 3.0 higher for 
impervious-heavy scenarios



Re-development Resu lts (Total Distu rbance 3 

acres)

C o m p a r i s o n  o f  

S h e e t s3 8 /

VRRM 4.0 higher for turf-heavy 
scenarios

VRRM 3.0 higher for 
impervious-heavy scenarios



Re-development Resu lts (Total Distu rbance 0.8 

acres)

C o m p a r i s o n  o f  

S h e e t s3 9 /

VRRM 4.0 higher for turf-heavy 
scenarios

VRRM 3.0 higher for 
impervious-heavy scenarios



Comp aring Resu lts f rom VRRM 3.0 & VRRM 4.0 

(cont. )1. Compared the total efficiency required across all scenarios to determine trends in 
the two versions of the spreadsheets

New Development [3 acres] (68 runs)
VRRM 3.0: 70% Efficiency Required (278.9 lb load, 195.2 lbs removal required*)
VRRM 4.0: 63% Efficiency Required (144.1 lb load, 91.1 lbs removal required*)

Re-development [3 acres] (68 runs)
VRRM 3.0: 27% Efficiency Required (308.0 lb load, 82.5 lbs removal required*)
VRRM 4.0: 26% Efficiency Required (148.2 lb load, 38.9 lbs removal required*)

Re-development [0.8 acres] (68 runs)
VRRM 3.0: 18% Efficiency Required (82.1 lb load, 15.2 lbs removal required*)
VRRM 4.0: 18% Efficiency Required (39.5 lb load, 7.4 lbs removal required*)

C o m p a r i s o n  o f  

S h e e t s4 0 /

*Note: Removal required does in some instances include negative values



VRRM  

Spreadsheet 

Revisions
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V R R M  S p r e a d s h e e t s4 1 /

Major Changes:

• Addition of the Mixed Open land use category (for specifying pre/post 
development acres; for specifying input to BMPs; for summary outputs)  

– impacts all tabs

• Addition of Regenerative Stormwater Conveyance and Tree(s) BMPs 
– drainage area tab

• Addition of ‘Composite Loading’ column that functions similarly to the existing 
‘Composite Rv’ column

– drainage area tab

• Consolidation of constants and coefficients into a single tab (streamline all 
spreadsheets)



V R R M  S p r e a d s h e e t s4 2 /

Existing VRRM 3.0 New Development Site Tab Draft VRRM 4.0 New Development Site Tab



V R R M  S p r e a d s h e e t s4 3 /

Existing VRRM 3.0 Redevelopment Site Tab Draft VRRM 4.0 Redevelopment Site Tab



V R R M  S p r e a d s h e e t s4 4 /

Existing VRRM 3.0 Redevelopment Site Tab Draft VRRM 4.0 Redevelopment Site Tab



V R R M  S p r e a d s h e e t s4 5 /

Draft VRRM 4.0 Drainage Area Tab(s)



V R R M  S p r e a d s h e e t s4 6 /

Draft VRRM 4.0 Water Quality Compliance Tab



V R R M  S p r e a d s h e e t s4 7 /

Draft VRRM 4.0 Runoff Volume and CN Tab



V R R M  S p r e a d s h e e t s4 8 /

Draft VRRM 4.0 Constants Tab



Questions?


